Measurements of red cell volume, plasma volume, and tissue haematocrit (Hct) were made in 14 brain regions in adult rats using 51Cr-tagged red cells and 1251-labeled human serum albumin. The mean large vessel (systemic artery) Hct was 41.8, total body Hct was 35.3, and of the brain regions, the lowest value (septal nucleus) was 25.91 and the highest (visual cortex) was 32.05. The lowest blood volume was 6.29 /Ll g-l (caudate putamen)
of techniques, applicable to small laboratory ani mals, that allow estimates of uptake by localized brain regions (Pollay and Stevens, 1979; Rapoport et al., 1979; Gjedde, 1980; Gjedde et al., 1980; Fenstermacher et al., 1981; Sage et al., 1981; Irwin and Preskorn, 1982) . The methods make use of radioactive tracers, and estimates of uptake are based on the amount of substance delivered to a given region of brain by the plasma flowing through that region, and the amount of substance retained in the extravascular space of the tissue. Although there have been many recent reports on regional blood flow in rat brain, there appears to be less information on regional tissue haematocrit (Ret) and vascular volume. These values are required, respectively, to convert regional blood flow values to plasma flow values and to correct the extravas cular space for vascular contamination. 254 and the highest was 14.44 /Ll g-1 (inferior colliculus). There was a significant difference between regions in both blood volume and tissue blood Hct. When brain regions were ranked in order of blood volume, this did not coin cide with the order for blood flow. Key Words: Brain regions-Cerebral blood flow-Cerebral blood volume Rat-Tissue haematocrit.
Measurement of vascular volume and tissue
tion of both red cell volume and plasma volume. We have determined values for several brain regions of the adult rat (Table O . Regional blood flow values were determined in a separate group of conscious animals.
METHODS
Male rats (200-220 g) of LAC Porton strain were used. The rats were anaesthetized with ether, and a ventral tail artery and a lateral tail vein were cannulated with hepa rinized PE 50 tubing. Animals were allowed to recover for at least 4 h while under light restraint in barred holders. 5lCr-tagged red cells were prepared from blood taken from a donor rat (Huggins et aI., 1966) , and at zero time cells (0.2 ml; �2 /LCi 51Cr) were injected into a tail vein. At 20 min, each rat was transferred to a Perspex@ holder with its head positioned in a guillotine. At 27 min, 0.3 ml 125I-Iabeled human serum albumin (�50 /LCi/ml; Amer sham International Ltd., U.K.) was injected intrave nously. At 30 min, blood was withdrawn from a cannu lated tail artery, and the animal was either guillotined or killed with a high intravenous dose of sodium pentobar bital (250 mg kg-I). The brain was rapidly removed, lightly blotted, placed on an angled block, and cut into 2-mm thick transverse sections. These were kept in a cryostat at -12°C, and regional samples were dissected according to the atlas of Albe-Fessard et al. (1966) ; Clearly visible peripheral blood vessels were removed.
Brain, whole blood, plasma, and red cell samples were weighed and analysed for 51Cr and 1251 in a Packard auto matic gamma counter with suitable correction for overlap of 51Cr counts in the 1251 channel. Factors for conversion of weights to volumes and for correction of large vessel Hct values were obtained according to the method of Heath ( 1973).
Regional cerebral blood flow was measured with 4iodo-[N-methyl-'4C]antipyrine, as described by . Rats were guillotined 25 s after the start of infusion of radioactive tracer ( 20 fLCi ml-' at 1.0 ml min-I). The brain was removed and dissected as de scribed above.
Total body and brain tissue blood, plasma, and red cell volumes were calculated as follows:
Total red cell volume (fLl g-I) =
51Cr injected x large vessel Hct cpm fLl-' whole blood x rat weight (g)
Total plasma volume (fLl g-I) = 1 2 51 injected cpm fLl-' plasma x rat weight (g)
Brain region red cell volume (fLl g-I) = olCr cpm g-l brain tissue x large vessel Hct 51Cr fLl-1 whole blood Brain region plasma volume (fLl g-I) = 1 2 51 cpm g-I brain tissue 1 2 51 cpm fLl-1 plasma
Brain region blood volume = ( 3) + (4)
Brain region blood Hct
Values in Table 1 for brain tissue Hct may be compared with the few earlier reports for rat brain (Everett et aI., 1956; Heisey, 1968; Levin and Aus man, 1969) . Heisey (1968) found a value for whole brain of 31 % compared to a large vessel Hct of 43%. Levin and Ausman (1969) measured the relationship between the peripheral Hct and that of the cortex (gray matter) and subcortex (white matter). When the peripheral Hct was 41%, brain cortex Hct was 36.9% and subcortex Hct was 30.9%. Everett et al. (1956) dissected several different brain regions and found values between 29% and 34.9% at a peripheral Hct of 41.5%. The Hct values in Table 1 are in good agreement with these earlier mea surements and confirm that brain tissue Hct in the rat is significantly lower than the Hct of large sys temic vessels. Analysis of variance of the Hct val ues given in Table 1 showed a significant difference between brain regions, although the actual differ ence was small. Total rat blood volume was 56.91 ± 1.57 ILl g-l; total rat Hct was 35.3 ± 1.4, and large vessel Hct was 41.8 ± 0.5. Values are means ± SEM for eight animals (four were guillotined and four were killed with a high dose of sodium pentobarbital), except those for blood flow, which are means for six animals. LSD is the least significant difference between parts at p < 0.05 calculated from one-way analysis of variance.
Total body Hct values were included in the pres ent study, and an average value in male rats of 35.3 % was found. Both total body Hct and total blood volume values, given in the footnote to Table   1 , agreed closely with those of Everett et al. (1956) . Rat brain tissue Hct was lower than the average value in the body.
The difference between the Hct of blood in rat brain and that of blood samples from large vessels should be taken into account in certain calculations of plasma flow, plasma volume, and blood volume in brain regions. For example, estimates of plasma flow in brain based on measurements of regional blood flow and large vessel blood Hct will be under estimated. If only a plasma marker is used to esti mate blood volume in brain, the value will be over estimated; conversely, if only a red cell marker is used, the value will be underestimated. The mag nitude of the errors in the estimates will depend on the difference between the brain tissue blood Hct and that of the blood sampled from a large vessel.
Larger differences between brain regions were found in blood volume than in Hct ( Table 1 ). The highest values were found in areas of hindbrain.
Possible artifacts introduced by the method of kill ing were tested by dividing animals into two groups.
One group was guillotined, and the other was killed with a high intravenous dose of sodium pentobar bital. No difference was found between results from the two methods of killing. In the guillotined group, mean blood volume ranged from 6.58 Jotl g-l for cau date putamen to 14.13 Jotl g-l for inferior colliculus; in animals killed with pentobarbital, the values were ment between the data is indicative, although cer tainly not proof, that each isotope became trapped in situ at the time of death and therefore probably gives a representative average in vivo value for different-sized vessels within a given region of brain.
Blood flow measurements were made in con scious rats under experimental conditions that were kept as similar as possible to those used during measurements of blood volume. In Table 1 , the tis sue parts have been ranked in order of increasing blood volume. It is apparent that this ranking does not coincide with that for blood flow. Although there was no direct correlation between blood flow and blood volume for the different brain regions, it remains to be determined how blood volume and plasma volume in a given brain region change in response to alteration in blood flow. Measurement of these parameters should provide greater insight into vascular properties of individual brain regions and may further our understanding of regional changes in transport with changes in blood flow.
